A previously unknown bark beetle species, Acanthotomicus sp., has emerged as a lethal pest of American sweetgum (Liquidambar styraciflua) in China. Our survey of nursery records from around Shanghai suggests that American sweetgum have been under heavy attack since at least 2013, resulting in the death of > 10,000 trees. Mass attacks of the apparently sweetgum-specific Acanthotomicus sp. can be diagnosed by accumulation of resinous exudates on the trunk, wilted foliage, and eventual numerous exit holes of the new generation. A Chinese native sweetgum Liquidambar formosana can also be colonized by Acanthotomicus sp. This pest is of concern not only as a killer of sweetgum in the Chinese nursery trade but also as a potentially destructive invasive pest of sweetgum in North America. This discovery suggests that global preinvasion assessment of pests is warranted.
deciduous tree species native to North and Central America (Grimm 1967 , Ickert-Bond et al. 2005 . The tree was introduced into Shanghai, China, at the end of the 20th century as an ornamental tree, and since then it has been widely planted in eastern and central China. American sweetgum is prized as a landscape tree in China because of its distinctive foliage and intense autumn colors.
In its native North and Central America, American sweetgum is highly resistant to pathogens and insects (Kline and Coleman 2010 (Ebel and Kormanik 1966 , Hepting 1971 , Taylor and Clark 1996 . Additional insects have been reported to feed on American sweetgum and the two Asian sweetgum species (Chang's sweetgum L. acalycina Chang and Chinese sweetgum L. formosana Hance) in Asia, but most of them are nonspecialists (e.g., true bugs, leaf-feeders, scale insects, and longhorn beetles) and none of them is lethal (Solomon 1995 , Huang 2006 , Hu et al. 2016 ). Scolytine bark beetles previously observed attacking sweetgum do so only if the tree is dying or dead, and include Dryocoetes betulae Hopkins and Pityophthorus liquidambarus Blackman (Baker 1972 , Atkinson 1993 , Coyle et al. 2015 .
Here we report the discovery of a previously unknown bark beetle mass attacking American sweetgum trees in Shanghai, China. To our knowledge, this is the first report of apparently healthy American sweetgum trees being killed by bark beetle attacks. We also provide a description of damage in Shanghai, China.
Materials and Methods
Every season from July 2013 to November 2016, we surveyed 13 nurseries containing American sweetgum in Shanghai. External signs of attack, life stages of the attacking bark beetles, and loss assessments were recorded. Earlier literature and local history of American sweetgum presence in China were also reviewed. The pest was identified to genus by using Wood's (1986) Mortality of trees in nurseries was estimated from our survey and from reports by nursery owners. Economic losses were estimated from the minimum market price of nursery stock prior to the epidemic spread of the pest multiplied by the sum of dead sweetgum trees caused by this beetle in the prior year.
Results and Discussion
We identified the bark beetle as a species of the genus Acanthotomicus. The specific name is not yet clear because of the lack of taxonomic resources for identification of species in this genus. However, ongoing morphological and molecular work by a coauthor (A. I. C.) suggests that this beetle may be an undescribed species. During our 3-yr investigation, we observed that Acanthotomicus sp. had infested American sweetgum in seven nonadjacent nurseries ( Fig. 1 ) out of the total 13 sweetgum nurseries in Shanghai.
Attack of Acanthotomicus sp. on sweetgum is readily diagnosable through abundant resin secretion from the wounds ( Fig. 2A ). Some beetles drown in the resin, but the accumulation of attackers eventually exhausts tree defenses. This phenomenon appears to be similar to mass attacks by conifer-specific bark beetles Berryman 1983, Raffa et al. 2015) . Successful reproduction can be detected by the presence of large numbers of small circular exit holes (1.0 mm diameter; Fig. 2B ). These holes are excavated by the emerging new generation of beetles. Infestations occur on trees with a wide range of diameters (diameter at breast height [DBH] ¼ 5-25 cm). Attacks are concentrated on the trunk but can also occur on branches. There was no obvious sign of a fungal pathogen, as staining of the wood was absent, and most attacked trees did not display any apparent prior stress. Additional signs of infestation include the retention of dead leaves on the infested trees until winter (Fig. 2C ) and the absence of budding or any signs of life in the following spring. During our field investigation, we found five individual Chinese sweetgum (L. formosana) attacked by Acanthotomicus sp. in December 2015 at Chuansha (point E in Fig. 1) . Given that Acanthotomicus sp. feeds on native Chinese sweetgum but is not known from any other hosts, its use of the American sweetgum probably represents a shift by a native sweetgum specialist to a naïve host.
All life stages of Acanthotomicus sp. were observed within galleries in the field (Fig. 2D-F) . Acanthotomicus sp. appears to be polygynous. The gallery is initiated by a male, which is joined by one to three females. Each female extends her tunnel in a separate direction. The galleries are usually horizontal, slightly wavy, and sometimes form a circle. The length of the galleries is typically 510 cm. The number of egg niches along each parent gallery ranges from 47 to 69, as estimated from the numbers of larval tunnels (Fig.  2D, G) . Acanthotomicus sp. appears to have two to three generations per year. Mature larvae, pupae, and adults overwinter in chambers in the phloem. Additionally, two other scolytine beetles, Cnestus mutilatus (Blandford) and Xylosandrus crassiusculus (Motschulsky) are often found in logs of American sweetgum attacked by Acanthotomicus sp. These two Asian species are ambrosia beetles which are known to attack weakened trees (Oliver et al. 2012 , Ranger et al. 2016 . Both beetles are also widely established in the eastern United States of America, and injured sweetgum is one of their preferred hosts (J.H., unpublished data).
Since 2013, the seven infested nurseries (out of 13 monitored) have lost more than ten thousand American sweetgum trees, with an estimated economic loss of at least $4 million USD based on the minimum market price ($400 USD per tree) before the epidemic. Additional damage may have been caused in other nurseries and also private gardens to which we did not have access. Nonetheless, the extent of Acanthotomicus attacking American sweetgum trees outplanted in Shanghai has not been surveyed comprehensively. Although some casually inspected, outplanted trees were found to be healthy, it is not clear whether this was because the beetle had not reached them yet or because trees managed in nurseries are more susceptible (Ranger et al. 2016) . At this time, we have no options for effective management of the Acanthotomicus outbreak. This is the first published record of substantial mortality of American sweetgum in China known to us. In the 1980s, an unpublished article reported many native Chinese sweetgum trees attacked in an outbreak of an unidentified bark beetle named "Ips sp." in Nanjing, Jiangsu Province, adjacent to Shanghai (L.Y. Liu, Administration Bureau of Yuhuatai Revolutionary Martyr Cemetery, Nanjing, China, personal communication). We were not able to locate any reference specimens from this outbreak. The brief morphological description and damage signs of the "Ips sp.," however, suggest that this beetle may have been Acanthotomicus sp. because these related genera are morphologically similar but Ips species do not feed on angiosperms (Cognato 2013) . These records, and the absence of the genus Acanthotomicus in North America, indicate that the sweetgum-specific Acanthotomicus sp. may be native to China.
The development of the outbreak of Acanthotomicus sp. was quite rapid. For example, the first infestation in one of our surveyed nurseries (point C in Fig. 1 ) was first observed in 2013, and without management half of the American sweetgum trees (about 1,500 trees) died in one year. Currently, the bark beetle infestation has become a fatal limiting factor for the use of American sweetgum in Shanghai. Because of severe damage by Acanthotomicus sp., two of the seven infested nurseries (points C and G in Fig. 1 ) have eliminated American sweetgum from their inventories in 2015.
The weak resistance of American sweetgum to Acanthotomicus sp. also implies that this beetle would be of great concern for ecosystems and the timber industry of North America should it be accidentally imported. American sweetgum L. styraciflua is a prominent component of many North American ecosystems and has potential for use in sustainable bioenergy production (Ranney and Mann 1994) . Diligence is needed to prevent the introduction and establishment of the sweetgum-attacking Acanthotomicus sp. in North America.
